Abstract-Proactive vehicle safety systems based on vehicle-aspects related to managing observations and CDs. We to-vehicle and infrastructure-to-vehicle communication are conclude the paper with a simulation of information promising new approaches to reducing the number of accidents exchange at an intersection where direct communication is on our roads. In-vehicle applications are envisaged to provide a impossible in Section VII and our conclusions in Section variety of services to the driver including warning about VIII potential collisions and other hazardous situations. For the safe operation of these applications it is important not only to efficiently model the environment but also to reason about, and Additionally, cooperation with other vehicles is paramount in ENABLING wireless communication between vehicles providing many envisioned safety services and this in turn is through vehicular ad hoc networks (VANETs) can bring dependent on a less controllable shared resource, the about several new services related to safety, efficiency and wireless medium. The availability and reliability of the comfort. Proactive safety systems that share information wireless medium is expected to be limited in several could help avoid or mitigate accidents by improving the situations, requiring prioritization and choice among safetyshort, medium and long-range situational awareness of the related services depending on their importance to users in driver. Research into advanced driver assistance systems is different contexts. carried out within a number of projects, e.g. [1], [2] .
I. INTRODUCTION
Additionally, cooperation with other vehicles is paramount in ENABLING wireless communication between vehicles providing many envisioned safety services and this in turn is through vehicular ad hoc networks (VANETs) can bring dependent on a less controllable shared resource, the about several new services related to safety, efficiency and wireless medium. The availability and reliability of the comfort. Proactive safety systems that share information wireless medium is expected to be limited in several could help avoid or mitigate accidents by improving the situations, requiring prioritization and choice among safetyshort, medium and long-range situational awareness of the related services depending on their importance to users in driver. Research into advanced driver assistance systems is different contexts. carried out within a number of projects, e.g. [1] , [2] .
By assigning priorities to different classes of traffic and by Even though less critical applications for entertainment, monitoring the current state of the wireless medium certain efficiency and comfort also are important it is the highly fairness in attempts to access it can be guaranteed. This critical traffic safety applications that are expected to drive approach fares well in that it guarantees that available the market for these systems and impose the most stringent communication resources, when sparse, are used only for requirements. messages with the highest priority. However, the set of
The many different types of safety critical applications applications that is most critical is highly context dependent.
that can be provided concurrently and in real-time over an For example, when approaching an intersection an inter-vehicle network necessitate the use of a flexible and application that monitors traffic light status is more safety-conscious application platform. In [3] we outline some important than a traffic jam application while on a highway of the major components of such a platform. the priorities are reversed. Thus context aware service and In Section II we start by describing the need for predicting communication provisioning is a key component in a traffic the reliability of communication at hazardous traffic safety application platform. locations, Section III and IV define the types of information
The context in this case not only concerns the specific exchanged between vehicles and how this information traffic situation but also includes the availability of exchange can be used to detect communication disturbances cofmmunication resources. In a situation where reliable (CD Vehicle safety systems must be able to represent, Quality measures related to the transmission of an comunicate and reason about a number of objects in the observation such as received signal to noise ratio and bit domain. These objects can be divided into two main classes, error rate can also be added to the observation metadata by physical objects such as cars and pedestrians and conceptual the receiver.
Objects such as virtual fences or platoons of vehicles.
In this paper we assume that all vehicles belong to the Objects can also be either cooperative or non-cooperative class of cooperative objects in order to highlight the use of depending on if they can participate in information exchange cooperative context comparisons. However, this is a strong based on physical and logical communication standards or assumption as in the early phases of system deployment not not. all vehicles will be equipped. On the other hand, even A vehicle can become aware of a physical object either by without full system penetration, the existence or nonobserving it using on-board sensors or by receiving existence of non-cooperative objects, such as pedestrians or information about it via a radio transceiver. Once a physical unequipped vehicles, can still be determined in the vicinity object has been identified it is recorded as an observation in of cooperative vehicles by using on-board sensors such as an onboard context database. There are two types of radar and cameras. Observations, differentiated by their origin. A primary
The temporal resolution of the context databases is observation is an observation of an object either dependent on the frequency of observations received from communicated by that object itself or deduced through first-other cooperative objects. In its simplest form vehicles hand information from on-board sensors. Analogously a transmit discrete location updates but a more refined format secondary observation is an observation of an object relayed can also be envisioned. For example, vehicles could transmit by a third party able to observe the object directly.
trajectories represented by spline coefficients [9] which The sets of primary and secondary observations make up would provide a much more detailed representation of their primary and secondary contexts respectively, locations over time. Associated with each observation is a set of attributes that describe the observed and observing object as well metadata Wemmudeftione diseturofncDsme formally)in. (1) between vehicles approaching from the north and west.
In order to clearly present the concept of CD detection we Aggregation of CDs is performed centrally by a server and rain and snow consists of accumulating CDs detected by nodes in the * Equipment properties such as unexpected antenna network. The observations are then made available to radiation patterns vehicles based on the specific area they are traveling in. For * Overload situations such a service a suitable representation format must be * Radio wave interference and noise chosen that supports storing large numbers of CDs between Over time vehicles will help each other to detect and pairs of geographical locations. accumulate CDs as they travel throughout the road network.
Mobility in vehicular networks is constrained by the road In order to draw any conclusions about recurring topology and hazardous situations are in many cases colmmunication weak-spots such discrepancy information associated with certain geographic locations, such as must be collected and aggregated from many vehicles and intersections and pedestrian crossings. CD storage and over relatively long periods of time. We expect the validity aggregation methods need to take these constraints into of observed discrepancies to vary depending on the account in order to reduce the computation and storage dynamicity of the phenomena that caused the communication complexity. A concrete way to do this is to employ variable problem. For example, in the illustrated scenario the tall resolution radio maps, with increased resolution in regions the same time t, the secondary modeled by having a transmitting node occupy the channel observation would be included in the set of CDs as defined for a fixed amount of time. in (1) .
As discussed in the previous section vehicles only Whether a discrepancy will be introduced when removing retransmit observations from their primary context which a primary observation cannot be directly checked based on means that messages travel at most two hops in the network. the contents of the context database, since related secondary Each vehicle detects CDs locally and they are aggregated in observations may arrive after the primary observation has a global CD database, which simulates vehicles uploading been pruned away. One way of addressing this problem is to discrepancy detections to infrastructure. associate observations with an expiration time that could be In the simulation vehicles approach the intersection from used to keep old observations from propagating in the the north and west at a constant average rate with network. In our simulation this situation is addressed by exponentially distributed inter-arrival times. All vehicles allowing primary observations to remain in the context for a have a uniform speed of 20 mIs.
longer duration of time.
In order to emulate a context-aware collision warning Obviously a recent primary observation is expected to be application the areas that vehicles travel immediately before more relevant than an older primary observation as there is a entering the intersection have been defined as approach connection between its temporal and spatial properties. A zones. Each approach zone covers the entire width of the recent primary observation implies that both vehicles are in lane and is 120m long. Only CDs that consist of pairs of observations between the two approach zones are counted as communication path blocked this leads to a poor view of the relevant for vehicles approaching the intersection. The environment. Accident avoidance due to primary and number of detected CDs relative the number of successful secondary observations is at its highest when the average direct communication attempts between the two approach vehicle interspacing is close to the radio transmission range, zones at the intersection gives vehicles an indication of how i.e. when the network is still connected yet has low medium reliable other vehicles have been able to communicate there congestion and hidden terminal interference. previously During high volume conditions limiting the transmission In order to measure the impact of primary (one-hop) and range greatly improves information propagation during high secondary (two-hop) observations in perceiving the context volume traffic since the medium becomes less congested. we allow vehicles to collide at the intersection and analyze However, during low volume conditions without primary whether the accident could have been avoided based on the communication possibilities the transmission range timeliness and type of information available in each vehicle adaptation yields less of a benefit due to the lack of relay prior to the collision. We call a collision between vehicles A nodes. To warn the driver that there exists poor direct and B avoidable if vehicle A or B had primary or secondary communication abilities and that during high and low volume observations of each other at least t, seconds before the conditions vehicles may not be detected before colliding, CD collision. t, is a safety margin which in our simulations is set detection can be used.
to two seconds. A two-second safety margin corresponds to a
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